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1 PRINTED CIRCUIT BOARD HAVING JUMPER LINES AND THE 

2 METHOD FOR MAKING SAID PRINTED CIRCUIT BOARD 

3 BACKGROUND OF THE INVENTION 

4 1 . Field of the Invention 

5 The present invention relates to a printed circuit board having jumper 



6 lines and a method for making the printed circuit board, wherein the planar 

^ 7 jumper layer may be made simultaneously during fabrication of the printed 

2 8 circuit board, without having to perform the wire-bonding work. 

SI 

ill 9 2. Description of the Related Art 

^ 10 A conventional printed circuit board often needs to use jumpers for 

;\ 11 reasons of the layout of the circuit. 

q 12 A conventional coplanar waveguide (C.P.W.) fed uni-planar bow-tie 

r.. J 

Q 13 antenna of a microwave circuit of a printed circuit board in accordance with 

14 the prior art is shown in Fig. 1 . 

15 A conventional Lange coupler of a microwave circuit of a printed 

16 circuit board in accordance with the prior art is shown in Fig. 2. 

17 The above microwave circuit comprises a dielectric substrate 12, a 

1 8 metallic ground layer 1 1 mounted on the bottom side of the dielectric substrate 

19 12, a line layer 13 mounted on the top side of the dielectric substrate 12, and 

20 jumpers 14 mounted on the line layer 13. 

21 A conventional coplanar waveguide (C.P.W.) of a microwave circuit 

22 of a printed circuit board in accordance with the prior art is shown in Fig. 3. 

23 The metallic ground layer 1 1 is mounted on one side of the dielectric substrate 

24 12, and jumpers 14 are mounted on the metallic ground layer 1 1 . 
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1 The jumpers 14 are formed by performing a wire-bonding work, so 

2 that after the microwave circuit of the printed circuit board is made, it is 

3 necessary to perform a wire-bonding work to form the jumpers 14, thereby 

4 causing inconvenience during fabrication and increasing cost of fabrication. In 

5 addition, the jumpers cannot be used in the inner layer of a multi-layer printed 

6 circuit board. 

^ 7 On the other hand, the printed circuit board includes multiple 

i • i 

'% 8 microwave circuits, such as the power distributors, the couplers, the wave 

CP 

III 9 filters, the wavelength converters, the modulators or the like. The wavelength 

HQ 

Si 10 of the microwave is very short, so that the wavelength of the microwave and 

f 11 the size of the microwave circuit belong to the same grade. Thus, many 

m 12 electrical parameters, such as resistance, reluctance, capacitance, conductance 

13 or the like, that may be omitted in the low-frequency alternating circuit, have 

14 to be considered in the microwave circuit. Change of the size of the microwave 

1 5 circuit will affect the values of the above-mentioned electrical parameters. The 

16 microwave circuit may maintain its function only at a determined wavelength 

17 (or frequency) and size, so that when the size of the microwave circuit is 

18 changed, the microwave circuit will lose its function. Thus, the size of the 

19 microwave circuit cannot be shortened arbitrarily, so that the microwave 

20 circuit occupies a considerable space in the printed circuit board. Therefore, 

21 the printed circuit board cannot be miniaturized, so that it cannot satisfy the 

22 requirements of light, thin, short and small designs. 

23 Traditionally, a microwave circuit includes multiple transmission 

24 lines with proper sizes to form a proper geometry. 
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1 The wavelength of the microstrip transmission line of the line layer 

2 1 3 can be calculated as flows: 

3 A g xf=c/,A £eff 

4 Wherein ' cisthev ^ityoflight ; a n disequalto3108m/sec, £effis 

5 the effective dielectric const™, f is the frequency of the electromagnetic wave 

6 and A g is the wavelength of the electromagnetic wave under this effective' 

7 dielectric constant. 
It is known from the above equation that, when the frequency is fixed 

■f the effective dielectric constant is increased, the wavelength of J 
electromagnetic wave undermis effective dielectric constant may be shortened 
Thus, the size of the microwave circuit that is proportional to the wavelengrh 
may be shortened. Therefore, when the effective dielectric constant is 
mcreased, the size of the microwave circuit may be shortened. 

Further, when the media of the microstrip transmission line or the 
rmcrowave circuit are no. even, i, is assumed mat the equivalent media of the 
rn.cros.rip transmission line or the microwave circuit are even, and the 
d.electric co„s.an. of the equivalent media is the effective dielectric constan. 
e « The effective dielectric constant may be calculated as follows: 

^ eff ~"C su b stra te/C a i r 

wherein, C substrate is the capacitance of the microstrip transmission 

21 '--^non-met^^ 

22 media, and C* is the capacitance of the air. 



9 

= 10 
b& 11 
Si 12 

q 

13 
14 
15 
16 
17 
18 



3 



A.this.ime.dis.nbu.ionoftodidecWomediamaybenoteven and 
2 *. microstrip Hne or ^ non metaUic ^ ^ 

-cult is fil ,ed with capacitance Qf ^ ^ tf distributjon ^ ^ ^ 

wherein one dielectric materia, has a higher dielectric constant, and the other' 
P between the two die.ectric constants. ^ . hjgh ^ ^ 

I maybeCOa,ed ° ntheentireli - la -«'^e 1 n i o ro waveo ir c uit; o r eoa t edo„ 

in 9 partial transmission lines of the line laver ,h„ u ■ 

«i 6 layer ' thereI ^ m«easing the effective 

£ 10 dielectric constant, so as to shorten the size of nV m i, 

. ,, „ . fflze ot the m "=rowave circuit, without 

£ 1 affectmg the eiectrical function of the microwave circuit. 

5 12 SUMMARY f»p THF INvrvT,^ 

□ » ^^^--^^presentinventionistoprovideaprinted 
card. An isolation layer made of a dielectric materia, is coated on the line 

ayer, mereby exposing par, of the line layer without covered hy the isolation 
«aye,Ah lg hco„ductiv e -eria, is coated on ^e isolation layer to connect „e 
nuutip.e pads, thereby forming a planar jlU nper layer .at is connected to the 
h- .ayer through the circui, pad,. ^ the planar jumper , ayer may be 
made s.multaneously during fabrication of the printed circuit board, without 
22 having to perform the wire-bonding work. 
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1 In accordance with a first aspect of the present invention, there is 

2 provided a method for making a printed circuit board having jumper lines, 

3 comprising the steps of: 

4 a) making a printed circuit board; 

5 b) coating or printing a dielectric material on the printed circuit board 

6 to form an isolation layer; 

7 c) forming multiple pads in the isolation layer of the dielectric 

D 

■f 8 material, thereby exposing part of the printed circuit board without covered by 

til 



9 the dielectric material; and 



Si 10 d) coating or printing a high conductive material on the isolation 

h 1 1 layer of the dielectric material to connect the multiple pads, thereby forming a 

^ 12 planar jumper layer that is connected to the printed circuit board through the 

r i 

^ 13 circular pads. 

14 In accordance with a second aspect of the present invention, there is 

15 provided a method for making a printed circuit board having jumper lines, 

16 comprising the steps of: 

17 a) determining a pre-estimated value of an effective dielectric 

1 8 constant; 

19 b) determining a shortened size of a microwave circuit according to 

20 the pre-estimated value of the effective dielectric constant and a used working 

21 frequency; 

22 c) providing a dielectric substrate that may increase the effective 

23 dielectric constant to the pre-estimated value; 
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1 <D making the microwave circuit with a shortened size on the 

2 dielectric substrate; 
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e) coating or printing an isolation layer on the microwave circuit- 

f) forming muhip.epads m me jsolation ^ 

of the microwave circuit without covered by the isolation layer; and 

g) coating or printing . high conductive material on the isoiation 

,a - to ~*emulti P ,e P ads,there byf „rmi„ g ap,a n ar jump er 1 ayertha, 
■s connected to the microwave circuit through the circu.ar pads. 

S ' In aCC ° rdanCe thirf -P-« °f ^ present invention, there is 

S Provide ^P^circ„i, b oardhavi„ gj u m per I ines,comprisi„ g ..aH n e,ayer 

-ayer w.thou, covered by the isolation layer, and a high conductive material 
coated on the isolation layer to connect the multip.e pads, thereby forming a 

In accordant with a fourth aspect of the present invention, there is 
Prided a printed circuit board having jumper comprising: a dielectric 

---^^^mountedonasecondsideofthedielec.icsubs.a.e 
^ an isolation layer made of a ,r i . ■ 

» , made of a high dielectric value material coated on the line 

21 layer, multiple pads formed in the isolation laver th. r u 
99 . ° n layer ' thereb y exposing part of the 

*- layer without covered by the isolation layer, and a high conductive 
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1 forming a planar jumper layer that is connected to the line layer through the 

2 circular pads. 

In accordance with a fifth aspect of the present invention, there is 
provided a printed circuit board having jumper lines, comprising: a dielectric 
substrate, a metailic ground layer mounted on one side of the dielectric 
substrate, an isolation layer made of a high dielectric value material coated on 
7 the metallic ground layer, multiple pads formed in the isolation layer, thereby 
| . exposing part of the metallic ground layer without covered by the isolation 
layer, and a high conductive material coated on the isolation layer to connect 
the multiple pads, thereby forming a planar jumper layer that is connected to 
11 the metallic ground layer through the circular pads. 

In accordance with a sixth aspect of the present invention, there is 
provided a printed circuit board having jumper lines, comprising: a dielectric 
substrate made of a high dielectric value material, a metallic ground layer 
mounted on a first side of the dielectric substrate, a line layer mounted on a 
second side of the dielectric substrate, an isolation ,ayer coated on the line 
layer, multiple pads formed in the isolation layer, thereby exposing par, of the 
line layer without covered by the isolation layer, and a high conductive 
material coated on the isolation layer to connect the multiple pads, thereby 
forming a planar jumper layer that is connected to the line layer through the 
21 circular pads. 

* In accordance with a seven* aspect of the present invention, there is 

23 provided a printed circuit board having jumper lines, comprising: a dielectric 

24 substrate made of a high dielectric value material, a metallic ground layer 
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1 mounted on one side of the dielectric substrate, an isolation layer coated on the 

2 metallic ground layer, multiple pads formed in the isolation layer, thereby 

3 exposing part of the metallic ground layer without covered by the isolation 

4 layer, and a high conductive material coated on the isolation layer to connect 

5 the multiple pads, thereby forming a planar jumper layer that is connected to 

6 the metallic ground layer through the circular pads. 

7 Further benefits and advantages of the present invention will become 

8 apparent after a^ careful reading of the detailed description with appropriate 

ky 

Ijj 9 reference to the accompanying drawings. 

g 10 BRIEF DESCRIPTION OF THE DRAWINGS 

« 1 1 Fig. 1 is a perspective view of a conventional coplanar waveguide 



12 fed uni-planar bow-tie antenna of a microwave circuit of a printed circuit board 

13 in accordance with the prior art; 



P 

^ 14 Fig. 2 is a perspective view of a conventional Lange coupler of a 



15 microwave circuit of a printed circuit board in accordance with the prior art; 

16 Fig. 3 is a perspective view of a conventional coplanar waveguide of 

17 a microwave circuit of a printed circuit board in accordance with the prior art; 

18 Fig. 4 is a plan view of a Lange coupler of a microwave circuit of a 

19 printed circuit board in accordance with the present invention; 

20 Fig. 5 is a cross-sectional view of the Lange coupler as shown in Fig. 

21 4; 

22 Fig. 6 is a plan view of a Lange coupler of a microwave circuit of a 

23 printed circuit board in accordance with the present invention; 
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Fig. 7 is a cross-sectional view of the Lange coupler as shown in Fig. 

6; 

Fig. 8 is a plan view of a Lange coupler of a microwave circuit of a 
printed circuit board in accordance with the present invention; 

Fig. 9 is a cross-sectional view of the Lange coupler as shown in Fig. 

8; 

Fig. 10 is a plan cross-sectional view of a coplanar waveguide fed 
uni-planar bow-tie antenna of a microwave circuit of a printed circuit board in 
accordance with the present invention; 

Fig. 11 is a cross-sectional view of Fig. 10; 

Fig. 12 is a plan view of an unfolded Lange coupler of a microwave 
circuit of a printed circuit board in accordance with the present invention; 

Fig. 13 is a cross-sectional view of the Lange coupler as shown in Fig. 

12; 

Fig. 14 is a plan view of a coplanar waveguide of a microwave circuit 
of a printed circuit board in accordance with the present invention; 

Fig. 1 5 is a plan view of a coplanar waveguide of a microwave circuit 
of a printed circuit board in accordance with the present invention; 

Fig. 1 6 is a plan view of a coplanar waveguide of a microwave circuit 
of a printed circuit board in accordance with the present invention; 

Fig. 1 7 is a plan view of another coplanar waveguide of a microwave 
circuit of a printed circuit board in accordance with the present invention; 

Fig. 1 8 is a plan view of another coplanar waveguide of a microwave 
circuit of a printed circuit board in accordance with the present invention; 
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1 Fig. 19 is a plan view of another coplanar waveguide of a microwave 

2 circuit of a printed circuit board in accordance with the present invention; 

3 Fig. 20 is a plan view of a further coplanar waveguide of a 

4 microwave circuit of a printed circuit board in accordance with the present 

5 invention; 

6 Fig. 2 1 is a cross-sectional assembly view of a printed circuit board 

7 in accordance with the present invention; and 

8 Fig. 22 is a cross-sectional assembly view of a printed circuit board 

9 used in a multi-layer printed circuit board in accordance with the present 

10 invention. 

11 DETAILED DESCRIPTION OF THE INVENTION 

M- 12 For illustrating the method of the present invention, a Lange coupler 

^ 13 of a microwave circuit is taken for example, wherein the length of each side of 

^ 14 the Lange coupler is equal to one fourth of a wavelength (1/4 A g ) of the 

15 electromagnetic wave under an effective dielectric constant. 

16 Assuming the effective dielectric constant of the dielectric material 

17 (the dielectric substrate and the air) is equal to four (4), and the working 

18 frequency of the electromagnetic wave is set at 1GH Z . Then, the length of each 

19 side of the Lange coupler of the microwave circuit needs to be equal to 3.75 

20 centimeter. 

21 The effective dielectric constant of the dielectric material may be 

22 pre-estimated to be increased to nine (9). Then, the length of each side of the 

23 Lange coupler of the microwave circuit may be set to be equal to 2.5 
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1 centimeter, thereby forming, a Lange coupler of the microwave circuit with a 

2 smaller size. 

3 Referring to Figs. 4-9, the method in accordance with a preferred 

4 embodiment of the present invention may be used make an Lange coupler of a 

5 microwave circuit which comprises a dielectric substrate 22, a metallic ground 

6 layer 21 mounted on the bottom side of the dielectric substrate 22, and a line 
q 7 layer 23 mounted on the top side of the dielectric substrate 22 as shown in Figs. 
£ 8 4 and 5. 
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As shown in Figs. 6 and 7, after the metallic ground layer 21 is 
mounted on the bottom side of the dielectric substrate 22, and the line layer 23 
is mounted on the top side of the dielectric substrate 22, a high dielectric value 
material 24 may be coated or printed on the line layer 23 of the Lange coupler 
of the microwave circuit, thereby increasing the effective dielectric constant of 
the dielectric material to nine (9), such that the size of the Lange coupler of the 
microwave circuit may be shortened efficiently by increasing the effective 
dielectric constant of the dielectric material, without affecting the electrical 
function of the Lange coupler of the microwave circuit. In addition, when the 
high dielectric value material 24 is coated or printed on the line layer 23 of the 
Lange coupler of the microwave circuit, multiple circular pads 25 are formed 
in the high dielectric value material 24, thereby exposing the line layer 23 
without coated or printed with the high dielectric value material 24. 

As shown in Figs. 8 and 9, the high dielectric value material 24 is 
covered with metallic paste or high conductive material that may be filled into 
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1 the circular pads 25, thereby forming a planar jumper layer 26 that is connected 

2 to the line layer 23 through the circular pads 25. 

3 In such a manner, the high dielectric value material 24 that may 

4 efficiently enhance the entire effective dielectric constant of the dielectric 

5 material may be used to electrically isolate the line layer 23 and the jumper 

6 layer 26, such that the geometric size of the Lange coupler of the microwave 

7 circuit may be shortened greatly by increasing the effective dielectric constant 
MP 8 of the dielectric material, without affecting the electrical function of the Lange 

9 coupler of the microwave circuit. 

10 In the above embodiment, the effective dielectric constant may be 

e 1 1 increased to nine (9) by coating or printing the high dielectric value material 

f 12 24. 

^ 13 Alternatively, a dielectric substrate made of a high dielectric value 

14 material may be directly used to increase the effective dielectric constant to 

15 nine (9). Then, the metallic ground layer is mounted on one side of the 

16 dielectric substrate, and the line layer is mounted on the other side of the 

17 dielectric substrate, thereby forming the microwave circuit having a shortened 

18 size. Thus, the size of the Lange coupler of the microwave circuit may be 

19 shortened efficiently by increasing the effective dielectric constant, without 

20 affecting the electrical function of the Lange coupler of the microwave circuit. 

21 At this time, a common dielectric material may be used to electrically isolate 

22 the line layer 23 and the jumper layer 26. 

23 Referring to Figs. 1 0 and 1 1 , the same method in accordance with the 

24 present invention may be used make a coplanar waveguide (C.RW.) fed 
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uni-planar bow-tie antenna of a microwave circuit of a printed circuit board 
comprising a dielectric substrate 32, a metallic ground layer 3 1 mounted on the 

3 bottom side of the dielectric substrate 32, a line layer 33 mounted on the top 

4 side of the dielectric substrate 32, a high dielectric value material 34, and a 

5 jumper layer 36. 

6 Referring to Figs. 12 and 13, the same method in accordance with the 
g 7 present invention may be used make an unfolded Lange coupler of a 
| 8 microwave circuit of a printed circuit board comprising a dielectric substrate 

42, a metallic ground layer 41 mounted on the bottom side of the dielectric 
.0 substrate 42, a line layer 43 mounted on the top side of the dielectric substrate 
11 42, a high dielectric value material 44, and a jumper layer 46. 

§ 12 RefOTin e to F « s - 14 -^. *e *»ne method in accordance with the 

present invention may be used make a coplanar waveguide of a microwave 
.4 circuit of a printed circuit board. After the metallic ground layer 71 is mounted 
■5 on the bottom side of the dielectric substrate 72 as sho™ in Fig. 14, a high 
.6 dielectric value material 74 may be coated or printed on the metallic ground 

17 layer 71 as show™ Fig. 1 5. At this time, multiple circular pads 75 are formed 

18 .in the high dielectric value material 74, thereby exposing the metallic ground 

19 layer 71 without coated or printed with the high dielectric value material 74. 
Then, the high dielectric value material 74 is covered with metallic paste or 
high conductive material that may be filled into the circular pads 75, thereby 
forming a planar jumper layer 76 (as shown in Fig. 1 6) mat is connected to the 
metallic ground layer 71 through the circular pads 75. 
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1 Referring to Figs. 17-19, the same method in accordance with the 

2 present invention may be used make another type coplanar waveguide of a 

3 microwave circuit of a printed circuit board. After the metallic ground layer 6 1 

4 is mounted on the bottom side of the dielectric substrate 62 as shown in Fig. 1 7, 

5 a high dielectric value material 64 may be coated or printed on the metallic 

6 ground layer 61 as shown in Fig. 1 8. At this time, multiple circular pads 65 are 
_ 7 formed in the high dielectric value material 64, thereby exposing the metallic 
^ 8 ground layer 61 without being coated or printed with the high dielectric value 
!rj 9 material 64. Then, the high dielectric value material 64 is covered with 



%! 10 metallic paste or high conductive material that may be filled into the circular 
? 11 pads 65, thereby forming a planar jumper layer 66 (shown in Fig. 19) that is 
^ 12 connected to the metallic ground layer 61 through the circular pads 65. 



q 13 Referring to Fig. 20, the same method in accordance with the present 

14 invention may be used make another type coplanar waveguide of a microwave 

15 circuit of a printed circuit board. After the metallic ground layer 5 1 is mounted 

16 on the bottom side of the dielectric substrate 52, a high dielectric value 

17 material 54 may be coated or printed on the metallic ground layer 51. At this 

18 time, multiple circular pads 55 are formed in the high dielectric value material 

19 54, thereby exposing the metallic ground layer 51 without coated or printed 

20 with the high dielectric value material 54. Then, the high dielectric value 

21 material 54 is covered with metallic paste or high conductive material that may 

22 be filled into the circular pads 55, thereby forming a planar jumper layer 55 

23 that is connected to the metallic ground layer 5 1 through the circular pads 55. 
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1 Referring to Figs. 2 and 22, the same method in accordance with the 

2 present invention may be used make a multi-layer printed circuit board. A first 

3 circuit board 81 as shown in Fig. 21 is made by the above-mentioned method 

4 so as to have a shortened size with a planar jumper layer. Then, a second circuit 

5 board 83 and a third circuit board 84 may be pressed on the first circuit board 

6 81 by prepregs 82 and 82' respectively, and conductive through holes (such as 

7 copper through holes) may be used to electrically connect the lines of multiple 

M 

hG 8 layers. Finally, the copper layer at the outermost layer is formed with the 

j*j 9 required lines. 

rj 10 Accordingly, in accordance with the present invention, the planar 

B 1 1 jumper layer may be made simultaneously during fabrication of the printed 

1 2 circuit board, and may be used in the inner layer of a multi-layer printed circuit 

^ 13 board, thereby increasing the usage of area of the circuit board, and thereby 

14 reducing production of noise. 

15 In addition, the high dielectric value material may only be printed or 

16 coated on a line or a component that has requirements of a specific wavelength, 

17 so as to reduce the area of the entire microwave circuit, without having to coat 

18 or print the high dielectric value material on all of the lines or structures of the 

19 entire microwave circuit, thereby saving the high dielectric value material. 

20 Further, the high dielectric value material may be formed by adding 

21 ceramic powder (such as BaTi03) in the resin, and the dielectric constant of 

22 the high dielectric value material is better greater than 5. The metallic paste 

23 may be formed by adding metallic powder in the resin, and may be replaced by 

24 a high molecular material of high conductance. 
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A.though the invention has been gained in relation ,o its preferred 
emb0dimem ^ meWi ° ned ^ « " - be understood that many other 
PossiMe modifications and variations can be made without departing from the 
■cope of the present invention. ,, is, therefore, contended that the appended 

ctamorcaimswih cover such modifications and variations mat fa„ within the 
true scope of the invention. 
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